Abstract -The paper presents the mid-term results of the implementation of Master study program on Digital Broadcasting and Broadband Technologies in Western Balkans countries. In this period the teaching courses are developed and the corresponding laboratory equipment is acquired. The project takes part of the Erasmus+ program for Capacity Building in Higher Education. In the rest of the project lifetime the new courses will be carried out altogether with laboratory exercises.
I. Introduction
The paper presents the mid-term results of Erasmus+ project which aims to implement the modern master study programme and thus provide education for the specialists in the field of Digital Broadcasting and Broadband Technology [1] . This study profile is in line with the needs of labour market and upcoming transfer from Analogue to Digital Broadcasting in regional partner countries.
The graduated students will be capable to apply acquired knowledge in the business environment, to speed up digitising of broadcast services and to implement and maintain modern and improve existing Broadcast and Broadband Communication Systems. In this way, the long-term sustainability of the project will be achieved. To acquire theoretical and practical knowledge immediately applicable in the real circumstances, the new laboratories are created with appropriate hardware and software equipment for analysis and design of broadcasting and broadband systems with digital multimedia High-definition television (HDTV) studio and environment for implementation of digital services. This Master will improve existing state in the area of digital technologies (particularly in digitising of Radio and Television and improving of multimedia broadband services) in Western Balkans (WB) countries in accordance with the best practice [2] in European Union (EU).
The project will have an impact on the current state in the field of digital communications technologies in Kosovo (under UN resolution 1244), Bosnia and Herzegovina and Serbia due to the mandatory digitisation of broadcast services according to standards established by competent international organizations and adopted also by the EU. As a consequence, the development of digital communications technologies activates other business branches in the Western Balkans.
Therefore the project enables professional training for effective digitization of existing analogue services, maintenance, upgrading, innovation and technical sustainability of new digital services: Digital Video Broadcasting -Terrestrial (DVB-T), Digital Video Broadcasting -Handheld (DVB-H), Digital Audio Broadcasting (DAB), Digital Radio Mondiale (DRM), Digital Multimedia Broadcasting (DMB) and Hybrid Broadcast Broadband TV (HbbTV) for the region of Southeast Europe.
II. Background
International Telecommunication Union (ITU) at the Radio-Communication conference in Geneva (RRC-06) made a decision that all European countries (including countries of the former Yugoslavia) have obligation to no later than 17 June 2015 to change analogue video broadcasting with digital television and radio signals broadcasting [3] .
Trough digitalization of analogue terrestrial television frequent spectrum become free for purpose of digital television and various digital services such as digital radio with supplement services, digital mobile TV and other mobile services with multimedia content.
All European and the Western Balkan countries committed to start digital terrestrial broadcasting by June 17 th 2015 the latest (by the acts of the Regional Radio Communication conference in Geneva RRC-06 organised by ITU) and stop with analogue broadcasting of TV signal. Many European countries have already started digital broadcasting and they already have some new digital services parallel to digital TV and Radio. The countries of south-east Europe: Serbia, Montenegro, Romania, Albania and Greece have already started the process of transferring to digital broadcasting, but Bosnia and Herzegovina and Kosovo* have not yet [4] .
According to the data of National Agencies for Radiocommunication, 21 TV and 83 Radio stations need to start digital broadcasting in Kosovo* [5] , 43 TV and 141 Radio station in Bosnia and Herzegovina [6] , 319 Radio stations in Serbia [7] , 52 Radio stations in Montenegro [8] , 79 Radio stations in Macedonia [9] , and 69 Radio stations in Albania [10] .
One of the reasons why digital broadcasting is not completed is the lack of experts and experience in this area. The number of specialists in WB countries is low compared to the number of needed digital services. By transferring to the digital broadcasting, the frequency range occupied by analogue broadcasting can be used for: digital TV, Radio, digital services, digital TV for mobiles and other services with multimedia content. Also, some additional broadband technologies can be used in this frequency spectrum. Broadband services (internet TV, 3G and 4G networks for mobile devices) in WB countries are implemented partially and compared to the EU countries in arrears in both: quality and quantity of services. The WB countries that aim to join EU will have to increase quality of broadcast and broadband services according to the standards of EU countries.
For the purpose of speeding up digitization of existing analogue services, maintenance, upgrading, innovation and technical sustainability of new digital services, University of Pristina -Faculty of Technical Sciences, Kosovska Mitrovica, Kosovo*, applied for Erasmus+ project under the name: Implementation of the study program Digital Broadcasting Technologies (DBBT) -Master studies. It is based on the fact that there is a lack of experts in the area of information and communication technologies (ICT) in the Western Balkan countries, especially in broadcast and broadband technologies.
The rapid increasing of the number of Radio and TV stations in transition period of WB countries and the lack of professionals resulted in lower quality of multimedia services. A large number of Broadcasting stations in Kosovo*, Serbia and Bosnia and Herzegovina do not respect quality standards for the moving images, sound and multimedia. The main reason is broadcasting of analogue signal. Transfer to the digital broadcasting will solve the problem of multimedia quality.
Therefore the project aims to introduce the new master study programmes for academic and vocational studies in the field of Digital Broadcasting and Broadband Technologies (DBBT) which is in line with the needs of business partners from the regional labour market and in line with modern study programmes from EU countries. The students will be able to apply their practical and theoretical knowledge immediately after graduation.
The graduated students will be able to develop the multimedia applications on smart phones and tablets, applications for smart TV, modelling of IP and wireless networks and wave propagation, etc. The master study programme enables formation of the specialists needed for the process of digitising, maintenance of the digital systems and introduction of new broadcast and broadband technologies in line with the needs of enterprises -potential employers.
The curricula of the study programme are implemented in master studies at universities in Kosovo (UN resolution 1244), Serbia and Bosnia and Herzegovina. The study programs are certified (accredited) by National certification bodies for Higher education. The project pursues the establishment of the infrastructure (organisational, methodological and technical) for implementation of developed study programmes (Fig. 1) . It involves also the EU universities in order to transfer their experience in target area as well as certain local broadcast companies to designate the requirements for the future specialists.
III. Participating Universities
The consortium is composed of 10 Higher education institutions (HEI), 6 from WB and 4 from EU, and 3 industrial partners. Each participating WB country is presented with two Higher education institutions (HEI) interested to design the new modern curricula, and with one professional enterprise with competencies in broadcasting, multimedia creation and digital TV, available and suitable for students' internship and future employment. Also the partners from business are directly included in design of curricula specifications according to the business needs and thus have greater opportunity to find adequate future graduates. University of Pristina in Kosovska Mitrovica (UPKM) is the project coordinator i.e. in charge for project management, financial management, coordination among partners and also the target user of developed study Master program. It is a higher education institution founded in 1969 and today has more than 10.000 students and 800 teachers and assistants and 350 nonteaching staff. Faculty of Technical Sciences (FTS) is one of 10 UPKM faculties, established by merging 4 technical faculties (Electrical, Mechanical, and Civil Engineering and Faculty of Mining). Academic studies are based on Bologna education process and carried out at three levels. Faculty laboratories are carriers of practical exercises and scientific research work. Studies of electrical engineering and computer engineering are covered by departments of Power engineering, Electronics and Telecommunications, and the Computing and Informatics. Departments are specialized in digital signal processing, multimedia systems and applications, digital image processing, mobile communications, data protection, software engineering and network technology.
Higher Technical School of Professional Studies Zvečan is a state school founded in 1961, with a long tradition in education of technical personnel, as well as with developed transnational cooperation with similar institutions in the region. Throughout the school a thousands of students has passed, taught to become skilled professionals ready for all kinds of professional challenges. The goal is to maintain and improve the status of the leading high vocational school in this field in the Balkans. The evidence of quality is the license of the Ministry of Education of the Republic of Serbia. There are five study programmes in vocational studies (180 ECST): Energetic, Management in Electrical Engineering, Engineering Informatics, Production Management, Fire Protection. Also there are three study programmes in specialist studies (180+60 ECST): Energetics, Production Management, and Fire Protection. The School has a long record of engagement with industry, communities and external research partners. University of Banja Luka consists of 16 faculties and has 54 licensed study programs. The Faculty of Electrical Engineering (FEE) is the oldest faculty and offers 3 study programs at the 1 st and 2 nd study cycle. Since 2009 it has been organized the third cycle of ICT studies in collaboration with the University of Paderborn. Since the establishing of FEE, one of the main departments is the Department for telecommunications, which organized teaching in the field of radio and TV techniques. The FEE formed engineers who managed the production of analog TVs in the Cajavec factory 
School of Electrical and Computer Engineering of App lied
Studies, VISER, is the public higher education insti tution with more then 2500 students attending courses in seven different specializations at the first level of higher education and 5 different specializations at the second level of higher education of applied studies. VISER has particularly long tradition, as well as, well known reputation in the filed of applied studies in Telecommunications, Audio and Video Technologies and Computer Engineering. It is equipped with 24 different laboratories among which stand out Modern radiotone studio and HDTV studio. Through TEMPUS curriculum innovation project "Innovation and Implementation of the Curriculum Vocational Studies in the Field of Digital Television and Multimedia" VISER established very successful one year specialized study programme Multimedia and Digital Television. Singidunum University founded in 1999 is the first private university in the country to be awarded accreditation for the realization of bachelor's, master's and PhD degree programmes in three scientific-research fields: social sciences and humanities, technical sciences and natural sciences and mathematics. They put emphasis on the study programmes that require and support ICT implementation (Electrical Engineering and Computing, Advanced Cryptosystems, ICT, Informatics and Computing, Engineering Management). There are currently around 10 000 students enrolled. Lectures are held by over 400 eminent professors from the country and abroad. The University is also conducting undergraduate studies via distance learning platform.
Partners from the EU countries are involved to jointly and successfully develop study programme in the field od DBBT. The partners from EU have the large experience in successful education of students in the field of Information and Communication Technologies where Digital Broadcasting and Broadband Technologies are part of as well. Universities from EU countries have qualified experts, modern laboratories for studying and testing of Digital Broadcasting and Broadband Technologies, and rich experience in implementation of many projects in improving the higher education. The EU countries has successfuly transferred from analogue to digital broadcasting and they are also implementing new digital broadcasting and broadbandservices now. Also, the quality and quantity of these services are on advanced level. The EU partners have advanced knowledge of interactive multimedia applications on smart phones and tablets, networks modelling and radiocommunications engineering that is today the state of the art. Technical University of Ostrava -Faculty of Electrical Engineering and Computer Science contributes in direction of the balanced education both theoretical and practical. They possess equipment which is very well suited for the project, such as many analysers in field of radio communications (DVB-T, PXI or USRP). More than ten years long history of study branch "Mobile Technology" in Technical University of Ostrava, results and a reputation of staff provide an essential contribution to the project.
University of Ljubljana -Laboratory for Telecommu nica tions at the Faculty of Electrical Engineering (LTFE) team has extensive experience in development and deployment of interactive multimedia applications on a number of interactive platforms (iOS, Android, smart TV, HbbTV, etc.). Additionally, they have equipment for DVB-T broadcasting and studio production, which is being used for project development as well as for teaching purposes. In addition to student training and education, they have extensive experience in industry training and transfer of knowledge to production oriented environments.
Universidad Politecnica de Madrid and its ETSI Telecommunication (Superior Technical School of Teleco mmunication) extensive teaching and research facilities in courses on digital television, handling multimedia information as well as TV and HDTV signals, visual static and dynamic information encoding, etc. so it contributes fully on capacity building of the partnering universities and also on all other project activities due to previous experience in wide range of similar projects.
University of Tartu through the Institute of Technology
as the part of the Faculty of Sciences and Technology of has a lot of experience in digital image and signal processing that proves with a number of scientific papers and the knowledge that can be used in this project especially in the area of efficient transmission of the signal.
TV Mreža is an association of 5 TV stations and independent production. It was established in 2009 in Priština and consists of TV Mir /Peace/ in Leposavić, TV Most /Bridge/ in Zvečan, TV Puls /Pulse/ in Šilovo, Gjilan/Gnjilane municipality, TV Herc /Hertz/ in Štrpce (regional TV station broadcasting program for viewers in the East, Central and North Kosovo), and New Press Production in Čaglavica. Programs of the TV Mreža are available for viewing to most members of the Serb ethnicity communities in Kosovo and other citizens using Serbian language. It is estimated that all members of the TV Mreža together cover more than 80 % of the territory of Kosovo*. TV Mreža is "en course" to develop its own and unique TV program, branded as "independent TV Mreža program".
JP Emisiona tehnika i veze (JP ETV) is broadcasting media network service. It is the national broadcasting operator of the Republic of Serbia whose core business is wireless telecommunications, and the main task is planning, building and maintenance of transmission infrastructure on the territory of Serbia, providing radio and television broadcasting services to the home radio and TV receivers. JP ETV established digital terestrial network for free multiplex, based on DVB-T2 system as standard for digital broadcasting and MPEG-4 version 10 (H.264/AVC) as compression standard, which consists of 208 transmitting location for first multiplex and 89 transmitting sites for second and third mux, and which covering more than 95% of population in each allotment zone for the first MUX, and more than 90% of population in the other two multiplex.
Alternativna televizija (ATV) has 17 years in business and over 110 employees. It is one of the leading broadcasters in the Republic of Srpska and the first in the Banja Luka region, and the first commercial broadcaster to build own TV home. ATV broadcasts 24 hours a day, 30% of programming is ATV produced, which includes the best rated and most influential news and current affairs shows, with terrestrial coverage with 1,5 million people in BH and neighboring countries: the Republic of Srpska, north-west of Federation BH, border areas in Croatia and Serbia. ATV can be seen also on IPTV (m:tel and BH Telecom), cable operators, satellite (Total TV) and internet (Bosnia TV). Thus the role of ATV in the project is to transfer knowledge and expirience to higher education institutions staff and students and help in designing the new curricula in the field of digital broadcasting according to the needs in labour market.
II. Developed Courses
The universities, both from EU and Western Balkan countries, analysed study programmes of counterparts, compared them and with assistance of business partners with the view from the labour market, defined the guidelines for design of new curricula (Tables I-VI) .
The representatives of WB universities carried out study visits at EU partner HEIs and got trained by corresponding EU professors, getting the adequate knowledge to design the curricula for new study programmes and to start teaching newly introduced study programme after WB HEIs got accreditation from National accreditation body.
The knowledge that students gain through the studies is both theoretical and practical because the DBBT laboratory will be set up during the project. Also, the partnership protocol will be signed between HEIs and regional business partners for the students' internships and among partner HEIs for long-term cooperation on teachers' and students' mobility.
As the project develops curricula for academic and vocational master studies in the field of DBBT, the new curricula are in line with those used at the world's leading schools in the field and in concordance with the Europe 2020 strategy, the Strategic Framework for European Cooperation in Education and Training and the Bologna process.
The teaching of all courses in curricula is based on the use of contemporary teaching methods, such as problem based learning, game based learning, case study method, etc. Courses are organised using blended learning concept -a combination of traditional and e-learning concepts. All course materials and activities will be available to students through a distance learning system. During their studies, students will be involved in practical work and internships in broadcast & broadband companies that participate in the project.
After setting up methodological bases for curricula development and development of curricula for academic and vocational master studies, methodology for implementation of study programmes is set up, equipment purchase and installation in laboratoriess is carried out.
Also in the second year of project the activities concerning the introduction of study programmes like accreditation at National Accreditation offices, training of the teachers and enrolment of students are being carried out. The third project year will be dedicated to the activities of teaching and learning within innovated and designed study programmes, as well as evaluation of students' success and their feedback. All project deliverables have public acess.
III. Equipment
In order to students gain theoretical and practical knowledge that can be applied immediately after the graduation, the laboratories are set up at all universities of WB countries. The laboratories are equipped with appropriate hardware and software infrastructure for analysis of broadcasting& broadband technologies and, digital multimedia HDTV studio with appropriate equipment needed for implementation of digital multimedia services.
Since UPKM is particular target university for the implementation of the Master and setting up the laboratories, in this paper, the equipment corresponding to the HDTV studio (Fig. 1.) at UPKM is presented, although all other universities have equipped their laboratories.
Equipment purchased at UPKM is presented in the following tables:
• Video equipment (Table VII) , • Audio equipment (Table VIII) ,
• Computers (Table IX) , • Lighting equipment (Table X) , • Measuring equipment (Table XI) , and • Installation equipment (Table XII) . 
IV. Conclusion
The master study programme in the field of Digital Broadcasting and Broadband Technology is being implemented in the Western Balkans countries through the Erasmus+ project DBBT to enableeducation of specialists needed in the process of transfer of analogue to digital broadcasting, maintenance of digital systems and introducing of new broadcasting and broadband technologies. In this way, also the process of digitizing the broadcast services will be accelerated as well as the development of digital communications technologies will be followed by activation of other business opportunities in the Western Balkans. The graduated students will be able to apply acquired knowledge in the labour market since they will acquire Fig. 1 . HDTV studio at University of Priština in Kosovska Mitrovica the knowledge how to introduce and maintain modern and to improve existing broadcasting and broadband communication systems, and also how to develop the multimedia applications on smart phones and tablets, applications for smart TV, modelling of IP and wireless networks and wave propagation, etc
The laboratories with appropriate hardware and software equipment for analysis and design of broadcasting and broadband systems with digital multimedia, HDTV studio and environment for implementation of digital services are being created. The formation of the experts will improve the existing state in the area of digital technologies, particularly in digitising of Radio and TV, and multimedia broadband services in WB countries in accordance with the best EU practice. The Master will impact the current state in the field of digital communications technologies in WB countries due to mandatory digitisation of broadcast services according to standards established by international organizations and adopted also by the EU.
